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ABSTRACT
The aim of this study was to investigate the usefulness of postmortem biochemical investigations in the diagnosis of fatal hypothermia. 10 cases of fat
hypothermia and 30 control cases were selected. A series of biochemical parameters, such as glucose, acetone, 3-beta-hydroxybutyrate, isopropyl alcohol, fre
fatty acids, adrenaline, growth hormone, adrenocorticotropic hormone, thyroid-stimulating hormone, cortisol, calcium, magnesium, C-reactive protei
procalcitonin as well as markers of renal and cardiac functions were measured in blood, postmortem serum from femoral blood, urine, vitreous and pericardi
ﬂuid. The results suggested that deaths due to hypothermia, especially in free-ethanol cases, are characterized by increased ketone levels in blood and othe
biological ﬂuids, increased adrenaline concentrations in urine, increased cortisol levels in postmortem serum from femoral blood and increased free cortis
values in urine. Increased or decreased levels of other biological parameters are either the result of terminal metabolic changes or the expression of preexistin
diseases and may  provide information to elucidate the death process on a case-by-case basis. 
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t1. Introduction
The postmortem diagnosis of hypothermia remains difﬁcult to
ascertain today, despite progress made during the past several
decades in the realm of forensic pathology [1,2]. The following
autopsy ﬁndings have been proposed as indicative of death by
hypothermia: frost erythema in certain body areas (extensor
surfaces and large joints such as the outer hip area, elbows, knees
and, less often, on the ﬂanks and face), bright red lividity,
hemorrhagic spots of the gastric and, less frequently, duodenal and
jejunal mucosa, pancreatic hemorrhages, synovial membrane
hemorrhages, bloody discoloration of synovial ﬂuid, signs of acute
pancreatitis and hemorrhages into the large muscles of the body
especially the iliopsoas muscle [3–10]. Histological ﬁndings
including fatty degeneration of the renal tubular epithelium cells,
cardiac myocytes and hepatocytes, as well as vacuolization of
pancreatic, hepatic, renal, adrenal and anterior pituitary gland
cells, have also been observed in association with hypothermia
fatalities  [11–19].s
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E-mail address: cristian.palmiere@chuv.ch (C. Palmiere).Additionally, increases or decreases in the immunopositivit
rate for some markers in the hypothalamus, anterior pituitar
gland, adrenal medulla, midbrain periaqueductal gray matte
renal tubular epithelial cells and glomerular podocytes have bee
noted  in  these            cases          [20–25].
External and internal observations, both macroscopic an
microscopic, can be of diagnostic signiﬁcance when foun
concurrently, though they prove non-speciﬁc as exclusive ﬁnding
in themselves. Frost erythema and gastric hemorrhages (Wisch
newsky spots), for instance, have been proposed as speciﬁc fo
hypothermia when appearing concomitantly. Furthermore, 
strong correlation with such macroscopic ﬁndings has bee
described for the fatty degeneration of the renal tubular epithelium
cells [8]. Nonetheless, the diagnosis of death by hypothermi
remains a medley of observations including a signiﬁcant history o
exposure to cold, non-speciﬁc pathological ﬁndings when presen
and the absence of other causes of death based on all postmortem
ﬁndings.
Beyond histology and immunohistochemistry, postmortem
biochemical investigations in relation to hypothermia fatalitie
have been carried out over the years. The ﬁrst reports wer
published by Mant [26,27] and focused on vitreous magnesium
values in a series of hypothermia fatalities and a control group
Thereafter, numerous researchers have shown interest in th
postmortem biochemistry related to hypothermia fatalities wit
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